UNITED STATES
DEPARTMENTT OF THE INTERIOR
JBOLOGICAL SURVEY -
Albuguergue, New Mexico

~ Physical characteristics of the Tshirege Member of
the Bandelier Tuff with reference to use
es a building and ornamental stone ..

By

W. D. Purtymun and F. C. Koopran

Repers prepared for the Community Action Pre:ran, Santa Clara Indian
Pucblo in cooperation with the U.S. Atomic Ener :y Cormission and the
University of California, Los Alaros Scientific Laboraisry

Septerber 1965

65-127



Intmriu_ction .............. - _—— - m b - -~ - o - - h‘

Aveilebility and accessibility ------- e
Pnysical characteristics of. the Tshireze Merber of the

Bandelier Tulf ---; ----- ——————— —ecemecean m—————— comcmemeema= 9

WelEinT memmcimmmomcmcemcmemeceeebec e ccececeeeeeee 10

DCASILY memmm e - o L -

Bearing cazaciiled ——--ecermemme- e et ,J13
T ermal conductivity ------75---_-5-;;;--;--;il-,---_----- lé
Cremical coﬁposition c—meeamaea—- r---é-~-—---e-—--~---—--- ) 16‘
Mineralycbmposition e —emaee e ---;:F-—--:--”i'»lf‘g
Pumice, rhyolite, and latite rock inclusions cmeiiimnnnman 18
Weathering and erosion characteristics‘f-----~—-—f~-¥----- 19
Color --—--~---——--~------------Q---—-;- ----- it Lt 20

liatural moisture content e«--ecccmmcemmcaccmcccracncccneeaa 21

THICKNESS cememcmmrr st tccrarr e cca e n e e m S ——————————— fa o)
JOINLS cecemcccccacccccrccmcrcncnrcrm e e e, S ————-—— 23

Conclusions m=memrmececcmemcea= - e e e e e ok

References ~esceccaaa e e e 2 e e ————— 25

o



Iilasrations

Fizure 1l.--Mep showing topographic‘features in the re-icn
of the Santa Clara Indian Reservetion and their
relation to the Bandelier Tuff (shaled) of tne
Jdenez Mountaing e--ccemecmmccmcm e r e
2.--Diagrammatic cross section showing tihe reiation
of geologic forrations in the arca

south of the Santa Clara Indian Reservetiion ~----

el

Reference
page



Physical cnaracteristics of the Tshirezec Member of
the Bandelier Tuff with reference to use
'as a building and ormarentel stone
By

W. D. Purtyrmn and F. C. Koopman
Introduction

Thie suitability of the Tshirepe Mewber of the Bandelier Tuff for
insulavion, oraament, building stone, and other uses is dependient on
its avalilarility, accessibility and physical properties. At the
request of Mr. Paui Tafoya, Governor of Santa Clara Indian Pueblo
and Mr. ¥W. Williaws, Advisor of the Community Action Prosrar at
Santa Clere, Hew Mexico, the information available as to its zeographi-
cel and reolosical accesslibility and its phyvecilcal properties are
presented in this report. Thé information will be useful in the
Cormrunity Action Pro_ram Tor developing and enlarzing the Puye Cliff
Dwellin; arce as a tourist facility. It may also suzjest other uses

for the swone te anyone wno iy be intercsied.



The inforration contained in this report was abstracted from
reporis in the flles of the U.S. Geological Survey, prepareld for and
in cooperation with the U.S. Atomic Ener.;y Commission an& tlie University
of Califbrnia's; Los Alamos Scientific Leboratory at los Alamos, New
Mexico. The repcric that comtain the information on the physical

L.

properties of the tulfl were prepared Tron dat@ collected during
imvesti-ations related to thé;aiSposal of solid wvaste materiegls,
indusirial effluenis, and studies perteining to the development of
sround-wvater supply at los Alanmcs.

The fact that some of the tuff is suitable for building purboses
was recognized by the historical cliff dwellers, and in modern timéé'
by the tuilders of the first houses al los Alamcs. It vas found to -
ave ;006 insulating properiies and good sirength as well as teauty.
It wes used to construet four fireplaces et the Los Alaros Lodre.
Aron~ thie never bulldings construcied of tuff arc: the fire toﬁer,
thicse bulldin-s of the Ios Alamos Tullding anﬁ Loan Corpany, and the
Gate Fesaurant. Alsc, many stone fences, retaining: wails, drainage
ditehes, and proiective slope ccoverc are construacted of tuff at los
Alemos. A Pev Tomes and fireplaces in Albuguergue are constructed of

tuls

\n



Aveilsbility and accessibility

Tne tuff is available in large quantities and algc reascnably
accessible because of its favorable geographic location and geologic
occurrence. It is the cap rock of a large plateau lyinz between the

»

volearic center, Sierra de los Valles, on the west and the Rio Grande

on thc east in North-Central New Mexico (fiz. 1). This tuff has

Firure 1 (caption on next pe-e) belonss neer here.

been sculptured by erosion into a picturesque arrancement of canyons,
mesas, and cliffs roughly parallel to each other and all extending
cutwari and dowrslope toward the river, away from the VOlcahic center
to the west., This slope feature witﬁ all of its canyons and mesas is
celled the Pajarito Plateau (Hewitt, 1953). It wes orizinally a nearly-
smocth sloping surface formed as the result of the accumuliation of hot
volcanic ash material ejected from the volcanic center to the west
(Valles Caldera).

Rocks exposed on or near the Pajaritoc Pleateau are the Tesugue
Forration, Puye Conglomerate, the Tschicoma Formation, and the
Bandelier Tuff. A seneralized east-west geologic section showing
their reiationsnip in an area south of Santa Clara Indian Reservation

is shown on fi—ure 2. A detailed description of these formations can

Figcure = (caption on next page) belongs near here.

be found in Grig:s (2964) and Spiezel and Baldwin (1963).
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Fifure l.--Map showing toporraphic features in the region of the
Sapta Clara Indian Reservation and their relation to
the Bandelier Tuff (shaded) of the Jemez Mountains.
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Firure 1l.--Xap showving topograpidc features in the re~ion of tlhe 3unta
Clera Indian Resecrvation and their releiion to the
Bandelier Tuff (5:aded) of the Jemez Mcunteirs.
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™o Banlellcer Tulf vwas formed Irom u ceries of asti falis and
ash Tloves ejecied from the velicanice eccnter to the west. It is of
rhyolitic compesition and consists of three merbers tiat form a part

ol tic Imgarito Plateau., ITvom oldest to youncesl, bhe nere
v 2 2

[ 54

5 are
the Guzle, Otowi, cnd Tshircee.

e Gaage Merber consisis of light-.ray ash-fall puaiice and water- -
1oid omuniceocus TafT. The base of tlhe unit centaians sray lwms of pumice
25 miech &5 2 inchwes in leazin.  The averase thickness of the Guaje
ranes Ifrom 20 to 35 feet. Pumice from tle Guzie Merber is mized for
sz in concrec.e a_sregate.

T:¢c Otowl Merler consisis of a light-gray, nonwcldiced, Irieble,

prriceous, rhyolite wulf tiat weathers to a gentle slope. Its

as a building stone.
Tne Tolire-e Morber overlics the Otewi Member and it forrms the

.

cap rock of tie finfer-like mesas of the Pejarito Plateau. Iv was
fcrred of e ceries of asl fleows nomwelded into a serics of riyolite
tuff. Because of its physical properties, described in the following
section, some layers of the tuff are well suited to use as building
and oruemental stone. A detailed description of the Tshirece Member
is piven in the following section.

Tre Tshirege Member is well exposed along the canyon walls and

is alsc readiily accecsible under a thin mantle of surface soll on the

rcsg tops.
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Physical characieriziics of the Tsohirege Member

of the Bandelier Tuff

v =

Te tulfs of the Tshire,e Yovberwere formed by a scries of

sh folils which arc described as nonwelled, moderately

B
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velded, and welded tuff. Tee ncnwelded, modevately welded, and welded

tuf? grade one into the othker both vertically and horizontally.



Velding

Tie welding process of an agsh~Tlow tuff begins after emplacenent.
The rajor factors alieccuing welding are ncat at the time of cmplacement,
amount of volatiles in the muss, rate of coolin~, and thicliness of the
asl: flow. Tre derrec of welding ranges from incipient stepes marked
by the sticking together or cohesion of glassy fragments to complete
welding marked by the cohesion of the surfaces of glassy fragments
accompanied by their deformation and elimination of pore space (3mith,
1960) .

Zonal variation of welding occurs vertically within individual
flovs or within a series of flows that have cooled &s a sinzle unit.
Single as: flows that have cooled as & unit may show a rreater degree
of weldlng ncear the center than rear the upper and lower contacts. A
series of asn flows tiat :iave beer emplaced in fapid succession may cool
as a single unit with ithe greatest degree of welding near the center.

Varietion of welding occurs horizonmtally within individual flows.
with rree’er degrec welding neer the mountains (the source arca). The

degree of weldins becomes less castward across the plateau.



The tu?fes in the Los Alamos arca are classified according to
the desree of weldins--i.¢., nonvelded, moderately welded, and welded
tuffs. WVelding results in incrcased cohesion and deforration of the
glassy fragments in the tuff., Nomwelded tuff has high porcsity, only
slight cohesion of the glassy fragments, and crumbly fracture; modcrately
welded tuff has lesser porosity, moderaze cohesion, slight deformation
of the glassy fragments, and a somewhat brittle fracture; and welded
tuff »as lower porosity, good coliesion, a high degree of deformation
by fiattening of glassy fragments, and a brittle fracture.

The degree of welding influences most of the physical cliaracteristics
of the individuel ssn~ITlow tuff units.

Tre following shows a large range in porosity in each of the
veriations of tuff indicating that welding is only one of several Tlactors
determininz npcrosity.

Renge in porosity
(percent by volume)

Nomwclded tuff 40 to 60
Moderately velded tuff 30 to 55
lelded tuff : 15 to 40



Density

The bﬁlk dersity of nonwelded tuff is lower than in welded tuff.
This is due to the compaction of the ratriz (rlass siaris and ash)
anG closer arrangement of the quartz and sanidine, crys.als, and
rock {razments in the process of welding of a weldea tuff. Tae
specific gravity of the tuff matrix everazes about 2.55. The range in
bulk dernsity of nonwelded to welded tuff depends on the porosity (i.e.,
the larger a porosity the smaller the buld density).

The following teble shows a comparison of the bulk densities of

the tuff (nomwelded to welded) with other building stone.

Building stonc . Renge in bulk density
(ivs. in cu. ft.)
Nonwelded tuff €4 95
Moderately welded tuff " 72-115
Welded tuff 95-135
Brickl'/ 87-137
Srantter! 165172
tart1el/ 160-177
Sandstonci/ 154-147
ConcreLeE/ 170-190
1/ Iaaibook of Puysies and Cheristry, 1958.



Bearing capacities

The bearing capacities of a tuff am dependent upon the density of
tuff (i.e., the greater bearing capacities occur with the tuff of
greater density). The density of the tuff is related to welding
(i.e., density of the tuff increases from nonwelded tuff to
welded tuif).

Data are available on the bearing capacities of the moderately
weldeu tutf. The following table shows the relationship of density
change tco the resistance to crushing of a moderately welded tuff in

the arca of investigation.

Bulk density Resistance tc crushing
(1bs. per cu. ft.) (1bs. per sqg. ft.)
108 48,800
109 73,000
111 79,200
112 (probably with pumice inclusion) 69,200
113 99, 200
114 115,600

Pumice fragment inclusion in a small sample of the tuff would
decrease the bearing capacity as failure would most likely occur

within the »unice fragment.

13



The followiny table is a comparison cf the bearing capacities of
a mocerately wvelded tuif (density 108 and 114 1lbs. per cu. ft.) and
miscellaneous building stone. The bearing capacity is computed as
1/5 of rupture strength of the material.

Bearing capacity

Building stone ‘ (lbs. per sq. tt.)

Moderately weldec tuif (108 1bs. per cu. ft.) 9,700
Moderately weldel tuff (114 1bs. per cu. ft.) 23,000
Concrete 1/ 23,000
Sandstone Y 69,000
Brick ~/ ‘ 86,000
Yarble l/ 219,000
sranite &/ 279,000
Y Handbook oif Chemistry and Physics, 1958. 

The moderately welded tuff is a good structural building
stonc as its bearing capacity is roughly comparable to concrete

with a deusity or weight of about half that of concrete.

14



Thermal conductivity

The thermal conductivity of the tuff is related to porosity,
thus, the thermal conductivity of a nonwelded tuff would be less
tnan a welded tuff as more pore space is available for insulation.

The only data available on the thermal conductivity was made of
a moderately welded tuff in one area investigated. The following
table is a companion of the therm;l propertigs of the tuff and
miscellaneous building stone. A decreasc in thermal conductivity

increases the insulating valuec.

Range of thermal conductivity
(8.I.U. per hr. per sq. Lt. and temp.

Buildin~ stone or material gradient of 1°F per in. thickness)
Rock wool L 0.26- 0.29

Moderately welded tuff .31- .38

Brick E/ 3 -6

Concrete (set) l/ 6 -9

Sandstone L 8 -16

Marble L/ 14 -20

Granite L 13 -28

1/ Handbook of Chemistry and Physics, 1958.
The moderately welded tuff is a better insulation than other
buildin; materials. A building constructed of a moderately welded

tuff may not need additional insulation.

15



Caemical composition

The cherical composition of a rock may affect its usefulness
in a concrete aggregate and for other purposes. The following table

snouvs a representative analyses of the tuff,

Caemical constituents ' Range in percent
Silica (5102) 72.0 -78.2
Aluniina (A1203) 11.2 -13.8
Ferric oxide (Fe203) 1.1 - 2.1
Ferrous oxide (FeO) .21~ .75
Magnesium oxide (Mg0) .02- .33
Calcium oxide (Ca0) .26~ 1.17
Sodium oxide (3320) 3.5 = 4.5
Potassium oxide (KZO) 4.2 - 4.7
Water (1,0) © .15- 2.8
Titanium oxide (TiOz) .10- .32
Phosphorous oxide (P205) .10- .07
Manganese oxide (4n0) .00- .98
Carbon dioxide (COZ) < .05

16



Mineral composition

The tuff is rhyolitic in composition and contains small rock
fragments of rayolite, latite and devitrified pumice and crystals
anu crystat .ra ments of sanidine, and quartz, in a matrix of glass
shards and welued ash. Dark minerals are scarce although traces of
crysital fragments of biotite, hornblende, and pyroxene have been
observed (5rizgs, 1964).

Seven samples of a moderately welded tuff were analyzed
petrographically by C. S. Ross (written communication, July 7, 1960).
Ross recalculated the proportions of phenocrysts in terms of
proportion by weizht. The results of all seven were similar, one of

which is presented here:

Pore space about 30 percent by volume
Phenocrysts about 20 percent by weight
Sanidine 12 percent by weight
Quartz 6 percent by weight
Magnetite 1+ percent by weight
Pyroxene 0.5+ percent by weight

The ground mass is typical devitrified welded
tuff. The devitrification products are very fine-
crained, but show typical cristcbalite-feldspar structure.
Cavities contain radial groups of feldspar and tridymite,
The rocks contain a few areas of altered andesite, and some

brown birefracting clay like material (probably montmorillonite).

17



Punmice, rhyeclite, and latite rock inclusions

Rock inclusions of pumice, rhyolite, and latite are found in
the tuff. The frequency of occurrence cf the rock fragments differs
in in.tividual ash flows and at different locations within the same
ash flow.

The pumice fragments may be as much as two inches in length and
one inch ;n diameter. The pumice is soft and friable and should cause
no problem in cuttingz the tuff. The rhyolite and latite fragments are
darx gray, aard, and may be as much as two or three inches across.
hese largze rock frazments may cause some difficulty in cutting the

tuil sv Laat care saoculd be taken in selecting tuflf unite that are

void of these larger rock fragments.

18



Weathering and ercsion characteristics

The surface of exposed tuff {(nonwelded to welded) becomes
'case hardened' as it is cxposed to the weather. In this precess,
due to the porosity of the tuff, moisture is absorbed and some
ninerals are dissolved. The minerals are returned to thé surface by
evaporation as the tuff dries out where they are precipitated to
form a rind. This rind forms a protective surface which resists the
wvearing away of the surface by wind and water. However, exposed
punice fragments weather out rapidly to enhance the beauty of the‘
stone.

Lichens grow on tuff where moisture accumulates for brief
periods. Lichens covered tuff has been used as ornamcntal stone for
the construction of fences and walls of houses in Albuquerque,

LCwW leslco,

The weathering characteristics of the tuff do not affect itsg

use as a building stone; but on the contrary, it enhances the beauty

of the stonme.

19



Color

The color of the tuff ranges from very lizht usray to medium dark
gray. Some units range from pinkish sray te light pink. Large
fragments of pumice that appear ruch darker than the matrix in some
units eunhance the color of the tuff. »Moderately welded units are
generally lighter in color than the welded units. The coloring is
inherent in the tuff and probably the result of minor changes in the
chienidcal constituents and heat of emplacement. Weathering of the

tuff changes the color very slightly.

20



Natural moisture content

The natural moisture content of the tuff forming the mesas betwé;;
the eastward-trending canyons is generally less than five percent by
volume. The low moisture content of the tuff is caused by the protective
cap of clayey soil derived by Qeathering of the tuff near fhe surface:
The soil is thickest near the axis of the mesas and thins toward the
edges where the tuff is exposed.v Precipitation that is not removed byAv
surface drainage on the mesa tops infiltrates into the soil; however,’the
downward movenent.of this water is impeded or stopped by a‘dense |
transition zone between the soil and tuff and the water is returned to
the atmosphere by evapotranspiration (Abrahams, Weir, and Purtymun, 1961).

The low natural moisture content of the tuff decreases the
weight of the cut stone fer handling and transportation, and should

aid in quarrying and cutting.

21



Thickness

The Tshirege lember, consistihg of a series of ash-flow tuffs
ranging from nonwelded to welded, is about 800 feet thick along the
western edge of the Pajarito.Plateau. The Tshirégé thins eastward
to less than 50 feet. Some of the uppermost ash flows are beveled off
by erosion eastward across the plagéau. Outliers of tuff overlie the
Puye Conglomerate along Puye Escarp@ent. Most all ash flows thin
eastward from the sburce area (Sierra de los Valles).

Nonwelded ash flows in the lower part of the Tshirege Member
may be as much as 200 feet thick near the center of the plateau.
Individual moderately welded and welded ash flows in the upper part
of the Tshirege ember range from 20 to 120 feet thick. The thickness
of these moderately welded and welded tuff units permits a large

source of quarry stone.

22



Joints

Joints are prominent in the tuff, They divide the rocks into
many irregular blocks, many of which are prismatic or colummar. The
joint density in a specific area will differ with different degrees of
welding. The number of joints decreases with a decrease degree of
welding (fewer joints are found in nonwelded tuff than in welded tuff),
The numerically predominant joints are near vertical and afe persistent
in length and pass thronugh several groups of tuff units. These joints
tend to curve slightly.‘ The joint face 1is relatively smooth and will
add rustic beauty as use as a building stone. The presence of the
joints should causc no difficulty in cutting the tuff, but aid in

quarrying blocks of tuff.

23



Conclusions

Although no studies of Tshirege Member of the Bandelier Tuff
were made to determine its suitability as a foundation rock, structural
building stone, ornamental stone, or as an insulating material, the
information obtained in earlier studies as to its availability,
accessibility, and physical properties indicates that it is well
gsuited to those and otner uses. Furthermore, it has already been
used for those and other purposes, and it promises to be a valuable
resource to the Santa Clara Pueblo Indians and to other citizens of

New Mexiceo.
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